Attorney Docket No.: 87159200-002006 

BACKLIGHT DEVICE FOR DISPLAY SYSTEM 
Field of the Invention 

[0001] The present invention generally relates to backlight devices for display 
systems, and more particularly, to a backlight device that can improve the illumination 
of peripheral display areas of a display panel. 

Description of the Related Art 

[0002] FIGURE 1 illustrates a schematic view of a conventional display system 
100. The display system 100 includes a backlight source 5 and a light modulator 50. 
The light modulator 50 includes an image display area 'D.' The backlight source 5 
illuminates the display area 'D' in the light modulator 50. Typically, the light 
modulator 50 is a liquid crystal display. The backlight source 5 includes a case 10, 
which encloses light sources 20 that are distributed over a circuit board 30. The light 
source 20 can be any light emitting source such as a light emitting diode (LED). The 
circuit board 30 is configured to provide appropriate driving power to the light source 
20. The backlight source 5 further includes a reflective sheet 14 interposed between 
the light sources 20 and the circuit board 30 and a light-diffusing plate 40 mounted on 
the case 10 for diffusing light on the light modulator 50. 

[0003] Typically, peripheral regions T' of the light-diffusing plate 40 and the 
display area 'D' of the light modulator 50 do not receive a sufficient amount of light 
from the light sources 20, which results in a relatively darker image display in the 
peripheral regions 'P 5 of the display area 'D' compared to the rest of the display area. 
Further, in color display systems, when the light sources 20 emit light of different 
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wavelengths, the peripheral regions 'P' do not receive adequate light of each color from 
the light sources 20, which results in color deviation in a displayed image at the 
peripheral regions 'P 5 of the display area 'D.' Therefore, there is a need in the art for 
an improved backlight source that can overcome the foregoing problems and provide a 
better peripheral illumination for light modulators in display systems. 

SUMMARY OF THE INVENTION 

[0004] The present application describes a backlight device that provides enhanced 
peripheral illumination of light modulators in display systems. In one embodiment, the 
backlight device includes a light-diffusing plate corresponding to a light modulator in a 
display system. The light-diffusing plate is configured to direct light towards the light 
modulator. The backlight device further includes light sources that are distributed over 
an area that is at least equal to or greater than an image display area of the light 
modulator. In some embodiments, when the image display area of the light modulator 
has a width ' A' and a length 'B' and each one of the light sources is separated from 
adjacent light sources by a pitch 'G,' a surface area 'S' occupied by the light sources is 
given as: (A + G) * (B + G) < S < (A + 3G) x (B + 3G). 

[0005] In another embodiment, an edge-lit type backlight device is described. The 
edge-lit type backlight device includes a light guide plate for directing light towards the 
light modulator. The edge-lit type backlight device further includes light sources that 
are distributed along a side edge of the light guide plate. The length of the side edge of 
the light guide plate corresponds to a length of an image display area of the light 
modulator. The light sources are distributed along a length 'M' that is at least equal to 
or greater than the corresponding length of the image display area of the light modulator. 
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In some variations, if the corresponding length of the image display area is given as 'B' 
and each one of the light sources is separated from adjacent light sources by a pitch 6 G,' 
then the length 'M' is given as: (B + G) < M < (B + 3G). 

[0006] In some embodiments, backlight devices include a device case that encloses 
the light sources. The device case includes sidewalls with an inner surface and an 
outer surface. In some variations, portions of sidewalls can be inclined at an angle in 
the range of about 60 degrees to about 90 degrees relative to the plane of the light 
sources. 

[0007] The foregoing is a summary and shall not be construed to limit the scope of 
the claims. The operations and structures disclosed herein may be implemented in a 
number of ways, and such changes and modifications may be made without departing 
from this invention and its broader aspects. Other aspects, inventive features, and 
advantages of the invention, as defined solely by the claims, are described in the 
non-limiting detailed description set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIGURE 1 illustrates a schematic view of a conventional display system, 
which uses a backlight source for illuminating a display area of a light modulator; 
[0009] FIGURE 2A is a schematic view of an exemplary display system including 
an exemplary backlight device used for illuminating a display area of a light modulator; 
[0010] FIGURE 2B illustrates an exemplary distribution of the light sources on a 
circuit board in a backlight device; 

[0011] FIGURE 2C shows an exemplary arrangement of light sources 
corresponding to a light modulator; 
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[0012] FIGURE 2D illustrates an exemplary configuration of sidewalls of a device 
case in an exemplary backlight device; 

[0013] FIGURE 2E illustrates another exemplary configuration of sidewalls of the 
device case; 

[0014] FIGURE 2F illustrates yet another exemplary configuration of sidewalls of 
the device case; 

[0015] FIGURE 3 A shows a cross-sectional view of an exemplary display system 
including an edge-lit type backlight device; 

[0016] FIGURE 3B illustrates an exemplary structure of the edge-lit type backlight 
device; 

[0017] FIGURE 3C shows an exemplary placement of various components in an 
exemplary display system; 

[0018] FIGURE 3D illustrates an exemplary configuration of a device case for the 
edge-lit type backlight source. 

DETAILED DESCRIPTION OF THE EMBODIMENT(S) 

[0019] FIGURE 2A is a schematic view of an exemplary display system 200. The 
display system 200 includes a backlight source 205 and a light modulator 1 10. The 
light modulator 1 10 includes a display area 'D' for displaying images. The backlight 
source 205 includes a case 210, which encloses light sources 220 mounted on a circuit 
board 230. In the present example, the backlight source 205 is a direct type backlight 
source in which the light sources 220 directly irradiate the light modulator 1 10. The 
light sources 220 can be any light sources such as light emitting diodes. The light 
sources 220 can include light emitting diodes of any color. Light of different 



4 



Attorney Docket No.: 87159200-002006 

wavelengths emitted from the light source 220 can be combined to obtain a wide range 
of color display on the light modulator 110. Further, the light emitting diodes can be of 
a single chromaticity for example, white-color light emitting diodes. The white-color 
light emitting diodes can be used with color filters to obtain a color display. 
[0020] The light modulator 1 10 can be any light modulator configured to display 
images such as a liquid crystal display panel. The circuit board 230 includes circuitry 
required to provide driving power to the light sources 220. A reflective sheet 214 can 
be placed between the light sources 220 and the circuit board 230 to direct light emitted 
from the light sources 20 toward the light modulator 110. A light diffusing plate 240 is 
coupled to the case 210 for directing light towards the light modulator 1 10. The case 
210 can include a reflective coating 216 on the inner side of sidewalls 212a and 212b to 
reflect light emitted from the light sources 220. 

[0021] The light sources 220 are distributed in an array over a surface area 'S' of 
the circuit board 230 at the base of the case 210 and irradiate a light incidence area T of 
the light-diffusing plate 240. The diffused light then emerges out of the light-diffusing 
plate 240 and illuminates a display area C D' of the light modulator 1 10. According to 
one embodiment, the light incidence area T is approximately equal to the display area 
'D' of the light modulator 1 10 and the surface area 'S' occupied by the light sources 
220 is at least approximately equal to or greater than the display area 'D' of the light 
modulator 1 10. Thus, a ratio of the display area 'D' to the surface area 'S' can be 
expressed as: D/S < 1. When the light incidence area T is approximately equal to the 
display area D, the ratio of the light incidence area T to the surface area 'S' can be 
given as I/S < 1 . 
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[0022] FIGURE 2B illustrates an exemplary distribution of the light sources 220 on 
the circuit board 230. In the present example, the light sources 220 include light 
emitting diodes of red (R), green (G), and blue (B) colors; however, the light sources 
220 can include any type of light sources configured to emit light of a desired color. 
Further, the light sources 220 can be place in any suitable arrangement on the circuit 
board 230; for example, the light sources 220 can be placed in a delta arrangement or 
the like. 

[0023] FIGURE 2C shows an exemplary arrangement of light sources 220 
corresponding to the light modulator 1 10. The display area C D' of the light modulator 
1 10 is defined by a width 'A' and a length 'B.' According to one embodiment, the 
surface area £ S' occupied by the light sources 220 on the circuit board 230 is configured 
as follows: 

(A + G) x (B + G) < S < (A + 3G) x (B + 3G) 

where 'G' is the distance between adjacent light sources 220. This exemplary 
configuration provides substantially uniform light intensity throughout the display area 
'D,' and particularly, through the peripheral regions 'P' of the display area 'D.' 
[0024] FIGURE 2D illustrates an exemplary configuration of the sidewalls 212a 
and 212b of the case 210 in the backlight source 205. In the present example, the 
height 'h' of the case 210 is about 4 cm and a portion of the sidewall 212b is inclined at 
an angle 0 at a height 'k' from the base of the case 1 10. Similarly, the sidewall 212a 
can be inclined at the same or different angle and the same height or at a different height. 
According to one embodiment, the angle 6 can be in the range of about 60° to about 90° 
for the case height c h' of about 4 cm. The angle 9 and the height 4 k' can be adjusted 
according to the desired amount of light intensity required at the display area 'D.' The 
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angle 0 and the height c k' can be adjusted according to various parameters of the display 
system 200 such as, for example, the size of the display area C D,' the size of the surface 
area 'S,' the ratio I/D, the height 'h' of the case 210, the distance between adjacent light 
sources 220, and the like. 

[0025] FIGURE 2E illustrates another exemplary configuration of the sidewalls 
212a and 212b of the case 210. In this exemplary configuration, the inside surface of 
the sidewalls 2 1 2a and 2 1 2b can include edges 218. The edges 2 1 8 are configured to 
scatter light within the case 210 to further enhance the illumination of the light 
modulator 110. 

[0026] FIGURE 2F illustrates yet another exemplary configuration of the sidewalls 
2 1 2a and 2 1 2b of the case 210. In this exemplary configuration, the sidewalls 2 1 2a 
and 212b are curved instead of being bent at an angle 9. Similarly, the sidewalls 212a 
and 212b can be configured using various profiles to optimize the light intensity 
throughout the display area 'D.' 

[0027] FIGURE 3A illustrate a cross-sectional view of an exemplary display 
system 300 including an edge-lit type backlight source 405 and a light modulator 410. 
The backlight 405 includes a light source module 406 and a light guide plate 340. The 
light source module 406 is placed at a side edge 340a of the light guide plate 340. 
When the light source module 406 is illuminated, light emitted from the light source 
module 406 enters the light guide plate from the side edge 340a and exits from a 
light-emerging surface 340b to impinge upon a display area 'D' of the light modulator 
310. The light source module 406 includes light sources 320 mounted on a circuit 
board 330. A reflective shield 314 can be placed between the light sources 320 and the 
circuit board 330 to direct light towards the side edge 340a of the light guide plate 340. 
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In the present example, the light sources 320 are light emitting diodes; however, other 
types of light emitting source such as a cold cathode fluorescent lamp can be used. 
Further, the light sources 320 can be placed at two or more side edges of the light guide 
plate 340. 

[0028] FIGURE 3B illustrates an exemplary structure of the backlight 405. A 
case 310 encloses the light source module 406. The case 310 includes sidewalls 312a 
and 3 12b. In the present example, a reflective coating 3 16 is laid on the inner surface 
of sidewalls 3 12a and 3 12b. Light from the light sources 320 impinges upon the side 
edge 340a of the light guide plate 340 having an edge length 'L.' The light sources 
320 are distributed along a length 'M' on a surface area 6 S' of the circuit board 330. 
[0029] FIGURE 3C shows an exemplary placement of various components of the 
display system 300. The light from the light sources 320 enters into the light guide 
plate 340 from the side edge 340a and exits from the light-emerging surface 340b. The 
light-emerging surface 340b corresponds to the display area 'D' of the light modulator 
410. The display area 'D' of the light modulator 1 10 is defined by a width 6 A' and a 
length 'B.' The edge length 'V of the light guide plate 340 corresponds to the length 
'B' of the display area 'D' of the light modulator 410. In one embodiment, the length 
'M' of the light sources 320 on the circuit board 330 is set to be approximately equal to 
or greater than the length 'B' of the display area 'D.' Thus, the ratio of the length 'B' 
to the length 'M' can be expressed as: B/M < 1. 

[0030] When the length 'B' of the display area 'D' is approximately equal to the 
edge length 'L' of the edge surface 340a, the foregoing ratio can be further expressed as 
L/M < 1 . According to one embodiment, the length ' M' of the light sources 320 on the 
circuit board 330 is selected according to the following relationship: 



8 



Attorney Docket No.: 87159200-002006 



(B+G)<M<(B + 3G) 

where 'G' is the distance between light sources 320 on the circuit board 330 and C B' is 
the length of the display area 'D.' This exemplary configuration results in substantially 
uniform illumination of the display area 'D' of the light modulator 410 including the 
peripheral regions. In this embodiment, the brightness at the peripheral region of the 
display area 'D' drops to about less than 15% compared to other regions of the display 
area. In the prior art display systems, the brightness at the peripheral region drops to 
about 50%. Thus, the exemplary backlight configuration of the display system 300 
substantially improves illumination at the periphery of the display area 6 D.' 
[0031] FIGURE 3D illustrates an exemplary configuration of the case 3 10 of the 
light source module 406. In the present example, portions of the sidewalls 312a and 
312b are inclined at an angle 0; however, the sidewalls 312a and 312b can also be 
curved as shown in FIGURE 2F. 

[0032] Realizations in accordance with the present invention have been described in 
the context of particular embodiments. These embodiments are meant to be illustrative 
and not limiting. Many variations, modifications, additions, and improvements are 
possible. Accordingly, plural instances may be provided for components described 
herein as a single instance. Boundaries between various components, operations and 
data stores are somewhat arbitrary, and particular operations are illustrated in the 
context of specific illustrative configurations. Other allocations of functionality are 
envisioned and may fall within the scope of claims that follow. Finally, structures and 
functionality presented as discrete components in the exemplary configurations may be 
implemented as a combined structure or component. These and other variations, 
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modifications, additions, and improvements may fall within the scope of the invention 
as defined in the claims that follow. 

[0033] The section headings in this application are provided for consistency with 
the parts of an application suggested under 37 CFR 1.77 or otherwise to provide 
organizational cues. These headings shall not limit or characterize the invention(s) set 
out in any patent claims that may issue from this application. Specifically and by way 
of example, although the headings refer to a "Field of the Invention," the claims should 
not be limited by the language chosen under this heading to describe the so-called field 
of the invention. Further, a description of a technology in the "Description of Related 
Art" is not be construed as an admission that technology is prior art to the present 
application. Neither is the "Summary of the Invention" to be considered as a 
characterization of the invention(s) set forth in the claims to this application. Further, 
the reference in these headings to "Invention" in the singular should not be used to argue 
that there is a single point of novelty claimed in this application. Multiple inventions 
may be set forth according to the limitations of the multiple claims associated with this 
patent specification, and the claims accordingly define the invention(s) that are 
protected thereby. In all instances, the scope of the claims shall be considered on their 
own merits in light of the specification but should not be constrained by the headings 
included in this application. 
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